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The last two decades have seen a marked rise in interest in what might be termed "time sense" and "number sense" and the potential relationship between them (for reviews see Buhusi and Meck, 2005; Bueti and Walsh, 2009; Nieder and Dehaene, 2009) . "Time sense" refers to the ability that allows human adults (as well as infants and animals) to discriminate which of two sequentially presented stimuli is greater in duration. "Number sense" refers to the ability to determine -in the absence of explicit counting -which of two stimuli (each comprising of a number of separate elements) contains the greater number of elements. The "elements" in question might be presented simultaneously (e.g., visual dots in an array) or sequentially (e.g., a series of taps to the arm).
A major new review appearing within this issue (Allman et al., 2012) provides an update on research into both time and number sense. Unique to this review is its focus on the developmental trajectory of time and number sense. This is paired with an overview of developmental disorders in which basic time and/or number sense appears to be impaired, and coverage of findings concerning the neural correlates of time and number representation.
Charting the developmental trajectory of time and number sense potentially provides insights beyond those that can be gleaned from a "snapshot" of the same abilities in their mature form in adulthood. One obvious advantage is that characterizing time and number sense at certain critical moments of development (e.g., at birth) can differentiate, for instance, between innate versus experience-dependent aspects of time and number abilities, or between aspects of time and number sense that are present prior to exposure with cultural number symbol systems versus those that emerge after such exposure.
A second advantage is the opportunity it provides to shed light on the question of whether a single "magnitude accumulation" system underlies both time and number perception (and possibly other dimensions as well), as proposed by two theoretical models discussed in the review (Meck and Church, 1983; Walsh, 2003) . Over the course of normal development, performance on both numerosity and duration discrimination tasks improves with signature trajectories. In theory, if these changes in acuity occur in lockstep across the two different dimensions, this would lend at least prima facie support for the existence of a common magnitude processing mechanism that is recruited during both types of discrimination task. Such evidence would be more convincing than mere similarities in performance for time and number discrimination tasks at any given snapshot of time. In practice, the picture is more complex. Various lines of evidence indicate that time sense and number sense do in fact appear to develop at least roughly in tandem, but there are many caveats: discrimination performance sometimes improves for a selected segment of the range of possible durations/ numerosities rather than uniformly across the entire range, numerosity discrimination for sequences of elements differs from that for simultaneously presented elements, improvements in discrimination performance over development are not unique to time and number sense but rather reflect a general feature of perceptual abilities, and so on. Furthermore, even if it could be shown that the developmental trajectories of time and number sense are perfectly synchronized, this could not be counted as definitive support for shared time and number magnitude processing given that simultaneous improvements in discrimination performance across the two dimensions might also be explained by the development/improvement of a third factor (such as attention or working memory) which contributes to both types of discrimination task. Nevertheless, despite the complexities, a systematic investigation of how time and number sense become refined over the course of development may yet prove to be very informative for the shared magnitude representation hypothesis, currently an especially active area of interest within cognitive neuroscience.
Finally, a sharper picture of the trajectory of time and number sense during typical development provides an important baseline against which atypical development of these abilities can be better delineated and understood. In the latter part of the review, the focus turns to developmental disorders which possibly stem from, or are at least in some way associated with, impairments in basic time and number sense. The most obvious example is developmental dyscalculia, a disorder marked by selective impairment of numerical/mathematical ability against a background of otherwise normal academic achievement. While there is still considerable debate about the nature of the underlying deficit in this disorder, there is evidence that it involves an impairment of basic number sense (i.e., non-symbolic numerical processing; e.g., Price et al., 2007) though an alternative account is that the deficit is in linking number symbols with non-symbolic numerical magnitudes (i.e., attaching meaning to numerical symbols; e.g., Rousselle and Noël, 2007) . Interestingly, the study of developmental dyscalculia can also assist in clarifying the relationship between time and number sense. If basic number sense is impaired in dyscalculia, and if time and number sense are subserved by a fully shared magnitude system, then time sense should also be impaired in this disorder. Cappelletti et al. (2011) recently tested this prediction, and found that basic time sense is not impaired in developmental dyscalculia (at least not in the sub-second duration range). However, they found that numbers did interfere with temporal processing, both in those with dyscalculia and controls, though in different ways. They concluded that their data supported the existence of a partially shared magnitude system for number and time, as this is the only possibility that can account for both dissociations as well as interactions between number and time sense, as were observed.
There is now also increasing interest in the possibility that ADHD and autism spectrum disorder involve an impairment of basic time sense and/or number sense (e.g., Boucher, 2001; Allman, 2011; Gooch et al., 2011 ). An intriguing hypothesis put forward by the review authors is that the striking preoccupation with symbolic numbers commonly observed in autism spectrum disorder -along with unusual levels of interest in timetables, calendars, and routines (these latter three can be conceived as "external" temporal supports -Lalli et al., 1994 ) -may, in fact, reflect an adaptive strategy to compensate for a deficit in basic time sense. Such speculations are to be encouraged. Arguably somewhat belatedly, time and number sense are now recognized as fundamental mental abilities integral to perception and behavior. An increased focus on the possible clinical manifestations of disordered time and number sense can only be welcomed.
